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SURGICAL RIB FIXATION: REVIEW OF CURRENT INDICATIONS AND 
PROPOSAL OF FUTURE IMPLEMENTATIONS 
MICHAEL OWEN 
ABSTRACT 
Traumatic rib fractures are common in blunt force trauma and present numerous 
complications. These fractures are caused by excessive force to the chest wall in 
scenarios such as car accidents, falls, and assaults, as well as penetrating injuries. Rib 
fractures are extremely prevalent in blunt thoracic trauma, as 2/3 of patients involved in 
motor vehicle accidents present with fractures.1 The number of rib fractures directly 
correlates with an increase in morbidity and mortality and it is recommended that patients 
with 3 or more rib fractures be hospitalized.2  
Flail chest involves 3 or more ribs fractured in two or more places resulting in a 
floating segment and paradoxical movement with inspiration.3 This abnormal breathing 
pattern can compromise respiratory effort, increase the work of breathing, and necessitate 
intubation and ventilator support. Both flail chest and multiple rib fractures are associated 
with numerous complications including pneumonia, respiratory failure, fracture non-
union (non-healing fractures), and chronic disability.4 
 Standard conservative treatment for multiple severe rib fractures and flail chest 
includes pain control and pulmonary care and support. Numerous studies have found an 
increase in hospital stay, time on a mechanical ventilator, and worse long-term outcomes 
with conservative management.5 6 In recent years surgical rib fixation has become 
increasingly popular at specific trauma centers around the world, although no current 
	
	 vi 
guidelines exist for when to perform the procedure, who would benefit the most, and 
which surgical approach should be utilized. Some recent research indicates there may be 
a benefit of surgical rib fixation in regards to long-term outcomes, initial recovery, and 
hospital stay. The goal of this paper is to evaluate the current randomized controlled trials 
comparing surgical rib fixation and other conservative treatment methods to determine if 
there is a quantifiable benefit of surgery, when it can be implemented, and in what 
population it should be utilized. A study will be proposed to further evaluate the 
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There are 12 pairs of ribs in the body. Ribs 1-7 attach posteriorly to the spine and 
anteriorly to the sternum while ribs 11 and 12 are floating and mostly mobile. These 
floating ribs are less susceptible to fracture due to their mobility. Ribs 1-3 are also less 
susceptible to fracture as a result of anatomical protection from the scapula, clavicle, and 
soft tissue. However, fractures to these ribs are associated with mediastinal injury, 
damage to the ascending aorta, and overall increased mortality.7 Most common blunt 
thoracic injuries result in fractures to ribs 4-10. Severe rib fractures can be associated 
with intraabdominal injuries and intrathoracic injuries depending on the location and 
distribution of fractures.2  
 Physical exam findings in patients with numerous severe rib fractures typically 
show ecchymoses over the fracture site, focal tenderness, pain with inspiration, and bony 
crepitus. Many patients will also report clicking sensations and movement with deep 
inspiration. As mentioned above, paradoxical movement with inspiration will be seen in 
patients with flail chest. Standard plain chest radiography is always obtained in the initial 
evaluation of chest trauma. Plain radiographs can visualize some but not all rib fractures 
and as a result often underestimate the true number of fractures. Two-dimensional 
computed tomography (CT) scans are more sensitive in picking up rib fractures and 3D 
CT scans are also beneficial in defining the characteristics of the fracture as well as for 
operative planning.  
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 Conservative and standard management of severe rib fractures is centered around 
pain control and pulmonary care. Patients with these injuries tend to decrease their 
inspiratory effort and minimize chest wall motion due to severe pain. The goals of pain 
control include increasing the patient’s tolerance for deep breathing and coughing in 
order to clear pulmonary secretions. Many protocols utilize a scheduled administration of 
acetaminophen coupled with a demand-only opioid. Regional anesthesia through epidural 
infusion, paravertebral block, and intercostal nerve blocks can be beneficial but are 
largely underutilized for rib fractures.8  
 Pulmonary care and support are aimed at preventing intubation. Common care 
includes volume expansion through incentive spirometry, encouraging deep breathing, 
and coughing. Each of these volume expanding techniques is aimed at reducing 
atelectasis, or collapsing of the alveolar sacs, which commonly occurs in rib fracture 
patients and is associated with an increased risk of pneumonia and hypoxia. Increasing 
the vital capacity by 10% has been shown to be associated with a 36% reduction in the 
development of pulmonary complications in patients with multiple rib fractures.9 Often 
times these volume expanding measures are limited by chest wall pain, thus adequate 
pain control is essential in order to optimize pulmonary status. Often times patients do 
not improve with pulmonary care targeted at volume expansion. Many institutions 
attempt non-invasive positive pressure ventilation as a last effort to avoid intubation, 
although progression to mechanical ventilation is common.10 Research shows that 59% of 
flail chest patients required mechanical ventilation after initial pulmonary care and pain 
control measures.11 The requirement for intubation in these patients can range from poor 
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pain control, inadequate respiratory therapy, or underlying pulmonary pathology such as 
pulmonary contusion. Other conservative measures aim to limit the movement of the 
severe rib fractures through various stabilization techniques that contribute to pain 
control.  
 Surgical rib fixation for severe rib fractures varies in timing, approach, and 
materials utilized. Earlier surgical interventions are preferred in these patients as a means 
to prevent progression to mechanical ventilation.12 The approach depends on the location 
and number of rib fractures. The patient’s site of pain, the degree of rib displacement, 
presence of a flail segment, and the number of surgical incisions dictate the positioning of 
the patient and how many ribs will be fixated. In addition, ribs 4 through 9 are 
responsible for a majority of chest wall movement and are thus preferred for fixation.12 
The materials used in the surgery are either non-absorbable or absorbable. Non-
absorbable plates are often titanium and are secured into place using locking screws. 
These plates are contoured to fit the curvature of the ribs. Resorbable plates are also used 
to secure rib fractures and reabsorb over the course of 18-24 months.6 This approach 
requires the use of bicortical screws to secure the plate.     
Statement of the Problem    
 Many patients with severe rib fractures may benefit from surgical rib fixation 
although specific indications for surgery are still lacking. There are no scoring systems to 
accurately predict which patients will fail initial conservative treatment strategies, thus 
making selecting surgical candidates difficult. Flail chest with associated respiratory 
failure is the only current surgical indication with evidence from randomized controlled 
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trials. Despite this, the procedure is still not widely accepted, as the National Trauma 
Data Bank shows that only 1% of patients diagnosed with flail chest undergo surgical rib 
fixation13. Reasons for this include lack of familiarity with the operation and lack of 
specialty ownership.  
 Thus, there is very limited data indicating patients with severe rib fractures 
without flail chest may benefit from this procedure. The overall impact of surgical rib 
fixation in these patients remains controversial and there is a question of whether there 
are benefits in regards to pulmonary status, pain reduction, and long-term outcomes.  
Hypothesis 
Patients with multiple severe, non-flail rib fractures who are treated with surgical 
rib fixation will have improved pulmonary outcomes, pain reduction, and long-term 
outcomes compared to those treated with pain control and other conservative approaches.  
Objectives and specific aims 
  The goal of this project is to evaluate the existing evidence of surgical rib fixation 
for severe rib fractures and propose a study designated to determine if there is a benefit of 
surgical rib fixation in severe, non-flail rib fractures compared to conservative 
management. The study aims to compare surgical rib fixation and conservative 
management in regards to the following: 
• evaluating pulmonary status through spirometry data  








 Flail chest and traumatic rib fractures are common injuries but difficult to study in 
a randomized controlled trial due to the presence of other injuries. As a result, there are 
very few trials that directly compare the outcomes from two forms of therapy. The 
current indications for traumatic rib fractures and flail chest include pain control and 
pulmonary hygiene. The overall goal of pain control is to allow patients to take deeper 
breaths and have the ability to cough. This is achieved through patient-controlled 
analgesia, IV medication, and regional anesthesia. Pulmonary hygiene also aims to 
increase the ability of ventilation in these patients through incentive spirometry. Other 
forms of conservative management include adhesive bandages that limit the movement of 
ribs during inspiration to decrease the pain associated with breathing. The three 
randomized controlled trials discussed below directly compare surgical rib fixation with 
varied interpretations of conservative management in patients with flail chest. One study 
evaluates the use of surgical rib fixation in cases with non-flail chest patients that have 
rib fractures not fully healed. Other non-randomized controlled trials were reviewed to 
provide more insight into the indications and techniques of surgical rib fixation.    
 




 In He et al. “The ideal methods for the management of rib fractures”, the authors 
aim to outline new protocols in rib fracture management, which are broken down into 
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four categories: damage control, pain management, fixation selection, and quality of life. 
The authors point out that despite the high prevalence of these injuries in trauma patients, 
treatment options are both controversial and limited in number. Even with the frequency 
of these injuries there are few international guidelines or clinical indications for when 
surgical fixation can be properly implemented. Reasons for this include insufficient 
understanding of specific surgical options, limited clinical research, as well as 
disciplinary boundaries for which specialties should treat these patients. More research is 
currently being conducted on this topic which will contribute to a better understanding of 
the potential of surgical fixation in patients with multiple and severe rib fractures. The 
purpose of He’s article is to summarize and analyze the existing evidence and draw on 
personal experience in treating rib fractures to determine the most effective approach for 
these patients.  
Methods:  
 As mentioned above He et al. break down the management of rib fractures into 
four categories including damage control, pain management, fixation selection, and 
quality of life.  
Damage Control 
 Pulmonary contusions are one of the most serious complications of blunt thoracic 
trauma and need to be addressed promptly. They are common, occurring in at least 30% 
of blunt trauma cases. In addition, some research suggests that most of the deaths caused 
by flail chest have an associated pulmonary contusion. Recent research suggests that flail 
chest victims with pulmonary contusions did worse after rib fixation and that a 
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multidisciplinary approach was more effective than surgery.14 However, it is worth 
mentioning that in this study the proportion of patients with pulmonary contusions was 
significantly different in the surgical versus non-surgical group and the injuries in the 
surgical cohort were far more severe. It was widely accepted that pulmonary contusions 
have always been contraindicated in rib fixation surgery.  
The authors propose that the severity of pulmonary contusions as well as the 
timing of the rib fixation surgery could factor into the success of the procedure. Currently 
no comprehensive criteria exist for categorizing the severity of pulmonary contusions 
which makes assigning patients to a surgical category difficult. Some researchers and 
practitioners use a CT Volume Index (CTVI) score to help predict if a patient will 
develop ARDS.15 This has not been accepted as criteria for surgery but is worth exploring 
in the future.   
 There could be a role for treating pulmonary contusion initially and then using a 
surgical intervention later.  One study proposed that the optimal surgical window for 
surgical stabilization of rib fractures was within 48-72 hours of the initial injury16. Many 
of the patients included in this study had pulmonary contusions but still had better 
outcomes than non-surgical patients. The severity of pulmonary contusions was not 
described and would be worth further exploration. The authors propose that surgery may 
be preferred within 48-72 hours after treating the initial pulmonary contusion but more 
research is warranted to explore this idea.  
This study excluded examining patients with traumatic spinal cord or brain 
injuries because hospital stay and ICU time is typically extremely long. In addition, 
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isolating the benefit of rib fixation is nearly impossible given the other comorbidities. Rib 
fixation in these patients isn’t necessarily contraindicated but the timing is important to 
consider. If they recover from their spinal or cerebral trauma, the procedure can be 
considered as there is the potential to reduce the time on sedative and analgesic 
medications.  
Pain management: 
Pain control is another reason for surgical rib fixation in patients with severe rib 
fractures. In addition to pulmonary contusions, pain is also considered one of the most 
significant effects of a flail chest injury. Pain in these injuries greatly reduces respiratory 
status. For example, the pain from severe rib fractures limits the ability to cough or clear 
secretions from lungs and, thus, potentially increases the risk of atelectasis and 
pneumonia. Treatment of pain usually consists of NSAIDs, intercostal nerve block, 
patient-controlled analgesia, and lastly an epidural.   
Surgical rib fixation has been shown to substantially decrease patients’ pain. In 
fact, pain reduction is now a major indicator for the surgery. A meta-analysis from 2012 
found that surgical rib fixation greatly alleviated post-operative pain as well as improved 
quality of life and long-term respiratory status in patients with multiple non-flail rib 
fractures.17 Other studies have found a reduction in chronic pain after long-term follow 
up in patients with rib fixation procedures. The authors stress that medical and surgical 
management should be used concurrently to address the issue of pain in these patients. 
Surgery isn’t always indicated immediately after the injury and these patients should be 
medically optimized prior to surgical intervention to ensure the best outcome.  
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There are limitations of evaluating pain in patients and making clinical decisions 
based on pain alone. Because pain is subjective, accurately translating and comparing 
pain scales or outcomes formed from reports of pain can be difficult to replicate across 
different studies. Further standardization of pain scales and objective evaluations of pain 
is required to fully evaluate the effectiveness of these procedures. In addition, not all 
studies have found an improvement in pain management with surgical fixation. A study 
from the Netherlands investigated patients with flail chest and multiple rib fractures 
where pain level was the main indication for fixation. They found no significant 
difference between the surgical and non-surgical groups in regards to pain. It is worth 
pointing out that this was a retrospective study and, thus, the pain scales or scores were 
not able to be directly compared to pain scores before the operation. In addition, the rib 
fixation procedure also induces its own pain. The benefits of potential pain relief versus 
the pain induction from the procedure need to be considered when deciding if the 
procedure is the best option.  
Surgical Considerations 
 He et al. indicate the goal is to find a balance between surgical damage and the 
benefit associated with fixation. Multiple factors affect the success of the surgery 
including the location, site of the fractures, patient’s individual potential for response to 
surgery, and surgical materials. Lateral fractures tend to be more painful, followed by 
dorsal and then anterior fractures.18 Lower and lateral ribs have the largest range of 
motion and thus the pain effect is most noticeable, making these rib fractures more 
amenable to surgery.  The degree of the fracture also needs to be considered; fracture 
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dislocation of greater than one rib cortical diameter tends to induce severe pain and the 
American Association for Surgery of Trauma recommends fixation for these injuries.12  
Specific ribs are better candidates than others for fixation. Ribs 1-3 are deeper, 
less mobile, and difficult to expose which makes them not suitable for rib fixation. In 
addition, there is significant risk in exposing these with regards to damaging the 
neurovascular bundle. Ribs 11 and 12 are floating and located near the liver and spleen 
and thus are not great candidates for fixation. Ribs 4 through 10 are considered ideal for 
surgical fixation because they are largely responsible for the stability of the thorax.19 
Surgical fixation of posterior fractures on ribs 5-9 is highly recommended due to the 
potential of a fractured fragment piercing and dissecting the aorta.  
As with many procedures, the age of the patient significantly contributes to 
surgical candidacy and potential for improvement. The long-held view was that surgery 
was too high risk for patients older than 65. However, the authors of this article believe 
that elderly patients may receive more benefit from surgical fixation of rib fractures then 
younger patients. The pain from multiple rib fractures causes respiratory insufficiency so 
rib fixation would significantly alleviate pain and improve respiratory status in these 
elderly patients. According to a study from 2012, multiple rib fractures were associated 
with a greater mortality in patients over 65 with blunt chest wall trauma.20 Another study 
from 2017 evaluated patients older than 65 who had suffered multiple rib fractures and 
divided them into a surgical and non-surgical group. The study found a significant 
reduction in mortality, improved respiratory function, and accelerated return to daily 
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activities in the elderly patients treated with surgical fixation.21 Thus, elderly patients 
may benefit more than younger patients after surgical fixation for multiple rib fractures.  
Surgical approach and materials utilized also have an impact on the success of the 
procedure. Surgeons need to be selective in which fractures they choose to fixate. Plating 
each fracture will reduce the movement of the chest wall and result in more post-surgical 
discomfort and pulmonary complications. As a result, only select fractures should be 
fixated to optimize stabilization of the chest wall and achieve pain control. The materials 
used for fixation also impact the success of the procedure. The materials are usually 
metal which lacks elasticity, thus reinforcing the need to be selective in the fractures 
chosen for reduction. Absorbable materials are available and tend to be more elastic, 
durable, and do not require a second operation. Choosing the right materials depends on 
patient characteristics and goals of the operation.      
Quality of Life 
He et al. propose that quality of life should be a consideration in deciding whether 
to pursue surgical fixation of rib fractures. These injuries tend to have substantial impacts 
on long-term quality of life, including the ability to return to work, as well as chest wall 
deformities. A retrospective study from Australia found that patients who suffered 
multiple severe rib fractures and were only medically managed had a significant 
reduction in quality of life. Only 50% of the patients were able to return to work within 6 
months after their injury.22 Other studies have found a faster return to work with surgical 





The authors conclude the four values of rib fracture management (damage control, 
pain management, surgical considerations, and quality of life) determine the ideal 
treatment for patients with multiple severe rib fractures. Surgical fixation should be 
selected for pain management or if medical therapy fails to provide relief. Surgical 
timing, materials used, and approach must be determined to fit the patient’s specific 
needs. Treatment efficacy needs to be evaluated based on short term recovery as well as 
long-term quality of life. In addition, the authors stress that medical and surgical 
management need to be optimized concurrently to provide the most benefit to the 
patients.  
 
-Surgical versus conservative treatment of flail chest. Evaluation of the pulmonary 
status 
 In the article “Surgical versus conservative treatment of flail chest. Evaluation of 
the pulmonary status” by Granetzny, et al, the authors used a randomized comparative 
approach to directly compare a conservative method to a surgical fixation for patients 
with diagnosed flail chest.  The authors compared the two approaches of stabilizing the 
chest wall and the effects on pulmonary function. The conservative method included 
packing, strapping, and mechanical ventilation while the surgical group underwent 
fixation of the designated flail segment. Data were collected early during hospitalization 




All patients with flail chest that included paradoxical motion were considered for 
the study. Patients were excluded if they had any head trauma, fractures of ribs 1-3, 
severe associated trauma, or myocardial contusion that would preclude anesthesia. Forty 
patients were chosen and included for the study.  
All of the patients were admitted to the ICU and received the same initial 
stabilizing treatment, which included imaging, lab assessment, routine chest wall trauma 
care, as well as follow up 24 hours after the initial presentation. The exact chest wall 
trauma treatment was not clearly specified. Informed consent was obtained and the 40 
patients were randomly assigned to the conservative treatment (Group I) or surgical 
treatment (Group II). The authors analyzed their data with Student’s test, Mann-Whitney 
test, Chi-square test, or Fischer test. A p-value of less than 0.05 was considered to be 
significant.  
For the conservative treatment group, a dressing was strapped and packed into 
place with Elastoplast both anteriorly and posteriorly to the designated flail segment. The 
packing bandage extended one rib above and below the flail segment for optimal 
stabilization. The plaster and bandage were left on for 7-10 days and the patients were 
continuously monitored. The surgical group underwent surgical fixation within 24 to 36 
hours of their ICU admission. The surgery used stainless steel wires, Kirschner wires, or 
both. In the time leading up to the surgery the surgical group received the same treatment 




The conservative group had a larger age range at time of injury (12-60) compared 
to the surgical group (24-55) as well as a significantly different mean age (36 +/-14.9 vs 
40.5 +/-8.2, p-value < 0.001). The injury severity score varied slightly between the two 
treatment groups; the conservative group had a value of 18.0 +/- 5.1, while the surgical 
group had 16.8 +/-3.5 (p-value = 0.043). There were no significant differences in 
associated injuries between the two groups, including categories of hemothorax, 
pneumothorax, and hemo-pneumothorax. Pulmonary contusions were not recorded.  
The mean number of rib fractures in the conservative group was 4.9 and in the 
surgical group 4.4, with a statistically significant difference (p-value = 0.043). The 
conservative group had significantly more posterolateral fractures compared to the 
surgical group (p-value 0.01). There was no difference in the number of anterolateral 
fractures between the groups. The surgical group had significantly more costochondral 
junction with sternal involvement fractures (p-value of 0.047).  
 Half (50%) of the conservative group were considered unstable while only 15% of 
the surgical group were considered unstable, which was statistically significant (p value = 
0.041). Most of the stable surgical patients were treated with stainless steel and Kirschner 
wires (N=14), while the other six patients (3 stable, 3 unstable) were treated with only 
stainless steel wires.  
Both groups had significant increases in pO2 and significant decreases in pCO2 
following treatment and the difference between the two was negligible. The conservative 
group averaged 12 days on a mechanical ventilator, where the surgical group only 
averaged two. These results also correlated with the length of ICU days and overall 
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hospital stay; both of these categories showed significantly reduced values for the 
surgical group when compared to the conservative group.  
 There was no statistical difference seen in mortality but there was a significant 
difference in chest infections; 50% of the conservative group developed infections while 
only 10% of surgical patients had chest infections. The specifics of these chest infections 
were not clearly defined by the researchers. As expected, there was a significant 
difference in chest wall deformities (45% for the conservative group and 5% for the 
surgical group, p value = 0.008). In addition, the surgical group had two cases of wound 
infection and mediastinitis, while the conservative group did not have any. These were 
directly related to the surgery itself and, thus, it was not surprising that there were no 
wound infections in the conservative group. There were 3 deaths in the conservative 
group; one patient suffered from a pulmonary embolism while the two others had 
unresolving pneumonias. There were two deaths in the surgical group, one linked to 
mediastinitis and the other to septic shock.  
 Additionally, the authors found a significant improvement in the surgical group in 
the categories of forced vital capacity, total lung capacity, and forced expiratory flow at 
75% of vital capacity (p values <0.001). There was no statistical difference in values of 
the Forced Expiratory Volume over 1 second or the Peak Expiratory Flow Rates.  
Discussion: 
Granetzny et al. stress the treatment of flail chest depends on the specific injuries 
and the patient characteristics. Management should be tailored to optimize the ventilating 
capacity of the patient, preventing sequalae, and decreasing progressive damage. In 
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regards to ventilation, the conservative treatment used in this study appears to be inferior 
to the surgical approach. The adhesive bandage used is intended to minimize rib 
movement to achieve pain control, but the restrictive properties of these bandages may 
also decrease the ventilation capabilities.  Differences in these capabilities indicate 
multiple areas of significant improvement in pulmonary function tests in the surgical 
group two months after the injury. In addition, the authors point out that their pulmonary 
function test results for the conservative groups coincide with other studies that used a 
similar approach to conservative treatment. The statistically higher rates of chest 
infections in the conservative group most likely relate to the reduced ventilation 
capacities. Chest infection should have been further specified and more details need to be 
provided regarding the timeline of these infections and how they were treated. These 
infections most likely impacted hospital length of stay, ICU time, and length of 
mechanical ventilation.  
An advantage of the surgical approach found by the study is the reduction of chest 
wall deformities. These can undoubtedly impact one’s ventilation capabilities and surgery 
was more effective in correcting these compared to conservative management. One study 
from 2001 indicates early restoration of the chest wall prevents restrictive impairment of 
pulmonary functions, as indicated by long-term recovery of total lung capacity.23 This 
could be another strong indication for taking a surgical approach versus conservative 
management.  
There are a few issues when comparing hospital length of stay, time in the ICU, 
and time on a mechanical ventilator. A majority of the patients in this study had other 
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significant injuries that had the potential to contribute to recovery from their multiple rib 
fractures. Even though there weren’t any statistically significant differences between the 
numbers and types of injuries between the two groups, the degree of severity of each 
injury was not fully explained. This could undoubtedly impact hospital length of stay and 
time in the ICU if these patients had to recover from other injuries. In addition, there was 
a statistically higher number of unstable chest wall injuries in the conservative group 
compared to the surgical group, which also could have also contributed to the 
comparisons of length of stay and ICU time. The study could have stratified and 
elaborated on some of these individual cases more to further strengthen their argument.  
The discussion raises a few drawbacks of surgically repairing rib fractures. 
Inducing general anesthesia presents significant risk, especially for polytrauma patients. 
In addition, the surgical incision required is large and increases the amount of local tissue 
damage and inflammatory response. It is important to note that one of the deaths in the 
surgical group was from mediastinitis, a direct complication of the procedure itself. With 
this in mind, evaluating each patient individually with regards to their surgical candidacy 
is essential prior to performing this procedure.  
 
Surgical rib fixation for flail chest deformity improves liberation from mechanical 
ventilation 
In the study “Surgical rib fixation for flail chest deformity improves liberation 
from mechanical ventilation” by Doben et al., the authors’ goal was to evaluate the 
effectiveness of surgical rib fixation when compared to a traditional management 
approach in patients with severe blunt chest trauma. All the patients included in this study 
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received the diagnosis of flail chest, which the authors defined as 3 consecutive ribs 
fractured in 2 places with subsequent paradoxical chest wall motion and pulmonary 
contusion. The authors were motivated to perform this study because the overall 
mortality of rib fractures is 10% with an increase in mortality with each additional 
fracture2. Another motivating factor was the international recognition of the benefits of 
surgical rib fixation and the lack of widespread implementation of the procedure here in 
the US. As a result, the researchers began offering surgical rib fixation as a rescue 
therapy to patients who did not respond to traditional management. Short and long-term 
outcomes were compared in both groups.  
 
Methods: 
 The researchers were approved for a retrospective and data collection for this 
study. Included patients were diagnosed with flail chest, survived to hospital discharge, 
and had a hospital stay of at least 5 days. Excluded patients had a GCS of less than 8. All 
the patients chosen had their injury occur in the year prior to the implementation of the 
study. Two independent surgeons performed the chart and radiology review of the 
selected patients for the standard therapy group and agreed that each selected case for the 
standard therapy group was a surgical candidate.   
 All patients were initially treated with standard therapy, which included pain 
control (utilizing nonnarcotic, narcotic, epidural, or local paravertebral blocks) and 
aggressive pulmonary hygiene (including incentive spirometry, positive expiratory 
pressure, and chest wall percussion). The patients’ respiratory status was monitored daily 
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by an attending physician. Surgical rib fixation was offered to patients who were 
determined to have failed standard therapy.  The criteria included patients who 
progressed to requiring mechanical ventilation or continuous non-invasive ventilation, 
clinical deterioration or a forced vital capacity of 50% of predicted, failure to progress 
from initial mechanical ventilation, or three consecutive failed spontaneous breathing 
trials separated by 12 hours.  
 The first 5 patients who received SRF had failed to come off mechanical 
ventilation. Given the initial success in these patients, surgical fixation began to be 
offered to patients requiring non-invasive respiratory support. A total of 10 patients were 
included in the surgical group. All the surgeries were performed by two surgeons who 
used either an anterior-lateral or posterior-lateral muscle sparing thoracotomy incision. 
The incision type was determined by the location and ability to reduce all unstable 
fractures. All the surgeries involved osteosynthesis plates and intramedullary nails for the 
actual fixation. Every surgical patient also received a thoracostomy tube.  
Results: 
 Eleven patients were chosen for the standard management group and 10 for the 
surgical group. Age, sex, GCS, and injury severity score were similar between the two 
groups. In addition, the groups had statistically similar demographics with regards to 
current and former smokers and comorbidities such as hypertension, coronary artery 
disease, and diabetes.  
 The study found a statistically significant difference in time on mechanical 
ventilator; the mean number of days was 8.2 days for the surgical group and 18 days for 
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the standard therapy (p-value = 0.04). Out of the 10 patients in the surgical group, 4 
required more than 5 days of mechanical ventilation prior to undergoing surgery. In a 
follow up of 6 months, there were no deaths in the surgical group and none of the patients 
required follow up procedures. There was no significant difference noted in patients 
regarding length of hospital or ICU stay (p values of 0.169 and 0.370). In addition, there 
was no statistical difference between total or number of segmental rib fractures between 
the two groups (p value of 0.218 and 0.274). The average number of ribs fixated in the 
surgical group was 3.7 +/- 1.06. The average time to surgical fixation after the initial 
injury ranged from 2 to 25 days with the median number of days being 3. The authors 
also included post-operative ventilator information for the surgical group which showed a 
mean number of 3 days of the ventilator after undergoing surgical fixation. The range for 
this value was 8 days and the median value was 1.5 days.  
The researchers found that the patients who required mechanical ventilation prior 
to surgery ended up having to stay mechanically ventilated longer after the procedure 
than those who required less invasive ventilation.  
 The researchers contacted the surgical group after 6 months and found no deaths, 
no follow up procedures, no complications, and no hardware from the surgeries had to be 
removed.  
Discussion/Conclusion: 
 The authors compared surgical fixation to standard management regarding time 
on a mechanical ventilator, time in the ICU, and time in the hospital. Other studies found 
that up to 60% of flail chest patients treated with standard management of aggressive 
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pulmonary hygiene and pain control required mechanical ventilation for an average of 13 
days.24 The researchers here concluded that there was a statistically shortened time on a 
mechanical ventilator when following surgical rib fixation. A large reason for this 
statistical difference lies in the timing of the surgical intervention. As mentioned above, 
the surgical fixation was offered as rescue therapy for patients at high risk of progressing 
to mechanical ventilation, thus this intervention was implemented early in their hospital 
course. Most (N=4) out of these 5 patients required mechanical ventilation for 1 day post-
operatively, while one required 2 days. These results highlight the potential for surgery as 
a form of earlier intervention. The researchers were comfortable using this as a form of 
rescue therapy due to the low risk of complications with surgical rib fixation.25 They 
defined the criteria for rescue therapy as being clinical progressive respiratory failure. 
This is an area worth exploring in further studies to see who responds best to surgical rib 
fixation as well as the optimal timing of the intervention. 
 The lack of significant difference in hospital and ICU times is not very surprising. 
Despite the similarity in both treatment groups, the individual patient response to 
therapies and degrees of other injuries undoubtedly impacted these values. In addition, 
the implementation of the surgical intervention in this study varied greatly, thus 
impacting the time of hospital and ICU stays. A clearer description of the other injuries 
sustained would be required to truly analyze the differences in length of stay.  
 There were a few limitations with this study. One is the selection bias for surgical 
candidates. The study potentially selected more severely injured candidates for the 
nonoperative group, which undoubtedly affected the ventilator and hospital time. In 
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addition, survival bias may have affected the conservative group as only those who had 
survived to hospital discharge were considered candidates. As the study progressed their 
surgical candidacy criteria became more lenient due to the perceived benefit from 
surgical fixation. While there was no statistical difference in injury severity score 
between the two groups, those who were not on mechanical ventilation prior to receiving 
the surgical fixation were most likely better off from a respiratory perspective. There is 
no definitive way to prove that the patients who were progressing in disease severity were 
going to fully require mechanical ventilation. Despite this, the patients assumed to be 
progressing to respiratory failure responded very well to the surgical fixation but more 
research is needed to find out who best fits the surgical criteria.  
 Another limitation is the sample size of the study. Treatment groups contained 
only 10 and 11 patients, while half of the surgical group patients were mechanically 
ventilated prior to surgery and 50% were not. One of the biggest limitations of these 
studies is finding patients who fit the inclusion criteria. This study was no exception, as 
those who suffered any significant head trauma were excluded and only those who had 
confirmed flail chest in the year prior to surgical implementation were included for 
retrospective analysis.  
 Doben’s study would also have benefited from an expanded and more detailed 
follow up. They reported no complications or deaths in the surgical group 6 months after 
the procedure but they could have examined quality of life, as well as subjective pain. 
This also applies to the standard management group which had since recovered from their 
injuries and could provide insight into the recovery process.  
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Surgical treatment of rib fracture nonunion: A single center experience 
 
Introduction:  
 In “Surgical treatment of rib fracture nonunion: A single center experience” by de 
Jong et al., the researchers evaluated the potential for rib fixation procedures to alleviate 
pain in patients who experience rib nonunion. A small percentage of patients with rib 
fractures experience rib nonunion which presents as persistent pain, dyspnea, and a 
clicking sensation. The pain is present at rest and often exacerbated by any physical 
activity. The authors wanted to explore the effects of rib fixation on quality of life. They 
noticed a paucity of research in regards to surgical fixation for nonunion fractures. Most 
research has focused immediate surgical fixation for flail chest, whereas this article 
focused on rib fixation for non-healed fractures more than 3 months after the initial 
trauma.  
Methods: 
 A retrospective cohort study was performed and included all adult patients who 
had surgery for rib fracture nonunion over a 5-year period at the University of Medical 
Center Utrecht. Every patient had received a CT scan at least 3 months after the initial 
trauma as well as 3D reconstructions to identify the nonunion sites. Each patient fit the 
category of symptomatic rib nonunion which was defined as persistent localized rib pain 
with the aforementioned CT findings 3 months after the initial injury.  
 All surgeries were performed or supervised by one of the trauma surgeon authors. 
Surgical fixation was achieved with locking plates and bicortical screws on each side of 
the union. Numerous measures were taken to protect against piercing through the parietal 
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pleura. Each patient received 2g Cefazolin as preoperative antibiotics. A 2 week follow 
up was performed on all patients with X-rays to rule out any hemothorax or pleural 
effusion. Tube thoracostomy was performed only if the surgeons suspected a perforation 
of the pleural space.  
 Measuring outcomes involved the following: a telephone interview was 
performed after surgery to evaluate patient satisfaction and pain levels. Satisfaction was 
determined by using a single question with a multiple-choice answer. Pain was assessed 
with a pain scale and any pain management treatment was recorded. Any complications 
from the procedure were evaluated using electronic medical records. The removal of the 
union devices were performed at the patient’s request.  
Results: 
 Nineteen patients with symptomatic nonunion fractures were included in the 
study. Their total number of rib fractures was 56 with 42 of them being nonunion 
fractures seen on CT. Forty of the 42 nonunion fractures underwent surgical fixation. The 
causes of these fractures ranged from motor vehicle crashes, coughing, falls, and sports 
related injuries. Only 3 of the patients had an injury severity score greater than 16. Eleven 
out of 19 of the patients were smokers. The median time from the initial injury to the 
surgery was 19 months with a range of 5 to 398 months. The mean follow-up time for the 
survey was 36 months.  
 The median surgical time was 43 minutes. The location of the rib fractures fixated 
was evenly distributed amongst the dorsal, dorsolateral, and ventral aspects of the rib 
(32%, 26%, 26% respectively) with only 16% of the rib fixations being on the lateral 
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aspect of the rib.  Eight of the ribs that were fixated were unable to receive 3 total screws 
on each side of the nonunion due to dorsal location and proximity to the spine and 
scapula.  Two patients had chest tubes placed intraoperatively because the pleural cavity 
was opened. These tubes were removed the following day. Locking plates were used in 
every case but additional allograft bone had to be used in two cases due to a large bone 
defect. Post-surgical x-rays were obtained in all of the patients which showed no 
pneumothoraxes or hemothoraxes.  The mean length of hospital stay was 3 days with a 
range of 1 to 7 days.  
 Thirteen (11 after the first procedure, 2 after the additional procedure) patients 
were satisfied with the procedure and experienced a decrease in number of complaints. 
Chronic pain was the most common complaint with three of the patients resorting to 
frequent opioid use to manage the pain. Three other patients reported paracetamol use. 
One other patient required a pain management specialist after the procedure compared to 
eight who required this specialty care prior to surgery.  
Six patients (32%) needed additional surgery which on average occurred 12 
months after the initial surgery. Two out of these six requested the plates be removed due 
to irritation and after removal they were satisfied. Two more patients required another 
surgery due to implant failure because a new, ventral fracture appeared to compromise 
the surgical plates. Both of these patients underwent another fixation procedure with 
longer plates. One patient had an intercostal neurinoma that had to be excised and they 
recovered fully after the procedure. One patient requested removal of the plates but 




 The authors argue surgical rib fixation for symptomatic nonunion rib fractures is 
effective in reducing pain and safe. Most of the patients (72%) reported feeling satisfied 
after the procedure despite categorizing their pain after the surgery as mild to severe. The 
number of patients requiring pain medicine specialists decreased and more than 80% of 
the patients did not require opioid analgesics at the time of the follow up. The 5 patients 
who were not satisfied reportedly suffered from neuropathic pain, which the authors 
hypothesized to be related to entrapment of the intercostal nerve. A study by Fabricant et 
al. reported 9 out of 24 patients who underwent surgical rib fixation for nonunion 
fractures experienced similar neuropathic pain.26  A more targeted approach to address 
the intercostal nerve damage would be beneficial for these patients.  
 There were very few perioperative complications which strengthens the argument 
that this procedure is safe. No wound infections were reported, which is most likely due 
to the administration of IV antibiotics prior to the procedure. Despite the authors claims 
of safety, two of the patients suffered additional fractures after the surgical fixation. The 
authors hypothesize this could be a result of the rigidity of the plates or failure to identify 
complete rib damage on CT. They propose there may be a role for using longer metal 
plates to completely fixate the damaged ribs. Another patient was reported to have a 
persistent nonunion fracture after surgery. This patient reportedly continued to smoke, 
which may have contributed to their inability to completely heal.   
 There were a few limitations to this study. There was potential for selection bias 
given the retrospective study. The lack of data prior to surgery makes the claims of 
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patient satisfaction and pain reduction less clear. For example, there were no prior pain 
scores for comparison and the pain analysis was completely subjective. Moreover, 
patients may have told doctors what they hoped to hear and underreported pain. The 
study would have benefited from getting follow up CT’s after the surgery to confirm the 
procedure was successful in unifying the ribs. Lastly, a large portion of the participants 
(58%) were current smokers which could have impacted their ability to heal.  
 The authors highlight the potential for surgical rib fixation in nonunion rib 
fractures long after the initial injury. There are few trials utilizing this procedure for rib 
fractures less severe than flail chest and long after the initial injury. There is potential for 
this procedure to alleviate pain and improve quality of life in nonunion rib fractures 
despite the report of persistent pain in some of these patients. Further studies should 
focus on comparing pain before and after the procedure and confirming the surgery was 
successful.  
 
The Prospective Randomized Controlled Trial of Operative Rib Fixation in 
Traumatic Flail Chest 
 
Introduction:  
In “The Prospective Randomized Controlled Trial of Operative Rib Fixation in 
Traumatic Flail Chest” by Marasco et al., the authors directly compared the effects of 
surgical rib fixation to conservative management with regards to length of ICU stay and 
time on mechanical ventilation. Similar to other researchers, these authors were 
motivated by the lack of widespread implementation of this procedure, despite the well 
documented effects from flail chest including respiratory compromise, disability, 
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deformity, and chronic pain.27 The study also compared the overall cost of both forms of 
treatment and followed up 3 months after each treatment to evaluate the effectiveness.  
Methods:  
 The researchers defined flail chest as 3 or more consecutive rib fractures in more 
than 1 place that resulted in a floating segment. All patients with a diagnosis of flail chest 
were considered for the study and this diagnosis was confirmed with a 3D CT scan. 
Patients were included only if they were dependent on mechanical ventilation and unable 
to be successfully removed from ventilation within 48 hours. Exclusion criteria included 
spinal injuries, sepsis, open rib fractures, severe brain injury, uncorrected coagulopathy, 
and age greater than 80.  
 The patients underwent block randomization in groups of four and each patient 
received a computer-generated code dictating their placement in either the operative or 
nonoperative groups. Surgery was performed within 48 hours of randomization and only 
ribs 3-10 were fixed. Only one fracture was addressed per each rib and the goal was to 
convert the flail segment into simple rib fractures. Inion resorbable plates and bicortical 
screws were used for each procedure. These plates resorb over the course of 18-24 
months. Anterior and lateral ribs were more preferentially fixed due to their accessibility. 
Ribs containing a single fracture were only fixed if there was a gross deformity.  
 The protocols for weaning off mechanical ventilation were the same for both 
groups. Beginning 24 hours after surgery or the initiation of conservative therapy, 
patients had their sedation briefly discontinued to conduct a spontaneous breathing trial. 
Ventilation was weaned if the patients maintained a respiratory rate of less than 25 
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breaths per minute over the course of 4 hours. They were placed back on sedation and 
reevaluated 24 hours later if they failed to achieve this. Tracheostomy insertion was 
decided at day 7 if it was determined that the patient was unlikely to be weaned off 
mechanical ventilation.  
 The patients were evaluated three months postoperatively via pulmonary 
assessments and CT scans with 3D reconstructions. At 6 months the patients from both 
groups received a health questionnaire form that asked about physical functioning and 
general health perceptions.  
Results: 
Of the 146 patients were assessed for eligibility, 46 were randomly assigned into 
one of either group. There were significantly more non-smokers in the non-surgical 
versus the surgical group (p=0.02). However, there were more ex-smokers and current 
smokers in the surgical group, although neither individually was statistically significant. 
There was no significant difference in number of ribs fractured in each study group. One 
of the patients in the surgical group did not receive surgery due to a development of 
sepsis. Most patients in the surgical group (59%) had 4 ribs fixed. Anterior and lateral rib 
fixation procedures were most common and only one patient out of the 22 had a posterior 
rib fracture fixation. Two patients (9%) underwent bilateral fixation. Underlying lung 
contusions in the two groups were nearly identical and divided into 3 categories: mild, 
moderate, and severe.  
To ensure a similar injury severity amongst the study population, the study used 
multiple forms of injury assessment (including New Injury Severity Score which focuses 
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on projected functionality, Injury Severity Score, and Trauma and Injury Severity Score). 
There was no statistically significant difference between the scores of these amongst the 
two groups of patients. There was no statistical difference between the New Injury 
Severity Scores of each group, although the higher scores trended in the non-operative 
group (p-value=0.07). This coincides with the fact that the nonoperative group had a 
higher number of orthopedic and general surgical procedures (74% vs 58%; p-value = 
0.07). For example, two of the patients out of the non-surgical group required 
thoracotomy procedures versus none in the surgical group.  
There were statistically significant differences with regard to the median values in 
the duration of ICU stays post-randomization and total ICU stay (p-values of 0.03), with 
the non-surgical group having longer ICU times. There was no difference in regards to 
the duration of Invasive Mechanical Ventilation (IMV, p-value = 0.37). However, the 
surgical patients still spent on average 30 hours less on a ventilator. In addition, the data 
indicate there were far more tracheostomies in the non-operative group compared to the 
operative group (p-value of 0.04). The study used multivariate modelling to adjust for 
other surgical procedures and the impact of ICU stay and mechanical ventilation (which 
occurred more frequently in the non-operative group). The statistical difference in regards 
to duration of ICU stay, duration of non-invasive mechanical ventilation, and number of 
patients who received non-invasive mechanical ventilation was maintained after this 
adjustment (all values were significantly lower for surgical group).  
The red cell transfusion requirement was twice as high in the non-operative 
group. One patient in this group received 58 units of packed cells over the course of his 
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hospital stay (this patient was also the only mortality out of the entire study). The number 
of patients in both groups who required blood transfusions showed no significant 
difference.  
There was a difference in patients who received non-invasive ventilation after 
extubation, which was not explicitly defined in this study (p-value = 0.05); more required 
this in the non-operative group, indicating a better pulmonary status in the operative 
group. There was no significant difference in patients who ended up developing 
pneumonia, although more in the non-operative group ended up with infections (p-value 
= 0.07). These findings indicate differences in pulmonary outcomes between the surgical 
and non-operative group.  
The cost of both forms of treatment was calculated and compared. On average, 
patients who received fixation spent 5.17 fewer days in the ICU. Factoring in the surgical 
costs as well as time spent in the ICU, those in the operative group on average saved an 
average of $14,443.  
In the three-month follow up, there was no difference in spirometry results 
between groups. In addition, the 3D CT results yielded only one statistically significant 
result, residual angulation (defined as greater than 5 degrees difference of the ribs 
projected physiological placement on CT scan) of the non-operative group (p-value = 
0.01). There was no statistical difference in regards to complete healing or nonhealing of 
the rib fractures between both groups. There was more improvement in angulation in the 
operative group compared to non-operative group, although not statistically significant.   
	
32 
At the 6-month follow up, 60% of the patients (71% in non-operative and 48% in 
the operative), complained of ongoing limitations with regards to work and daily life 
activities. However, most of these complaints were due to the other injuries sustained at 
the time of their trauma. There were no differences in physical functioning, total body 
pain, general health, emotional role, and mental health between the two groups 6 months 
after the initial injury (table 6).  
Discussion:  
The main results of this study indicate a decrease in ICU stay, tracheostomies 
performed, and better initial pulmonary status in the surgical group as compared to the 
non-surgical group. The difference in ICU stay was significant despite the overall 
hospital stay showing no difference between the two groups. The authors hypothesize this 
could be due to multiple factors including available beds and other injuries sustained. 
Despite this, the 5-day reduction in ICU stay had a significant cost benefit for the patient 
(approximately $14,000), as well as for the hospital. Once again, it is difficult to 
accurately compare length of hospital and ICU stays in patients with a wide range of 
injuries. These authors did go beyond what most other studies have done and 
implemented multivariable modelling to adjust for other surgical interventions to better 
compare the two groups. In addition, patients in the surgical group were less likely to 
receive a tracheostomy because on average these patients spent 30 less hours on a 
mechanical ventilator.  
The data from this article support the notion that surgical patients have a better 
initial pulmonary recovery than the non-surgical group. The use of invasive ventilation 
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after the time of surgery shows a significantly marked reduction in total time when 
compared to non-operative group. The use of non-invasive ventilation was significantly 
shorter in the surgical group indicating they needed less respiratory support. Lastly, 
despite not being significant, there was greater occurrence of pneumonias in the non-
surgical group which contributes to the improved pulmonary status for the surgical group.  
 The study found no changes in spirometry values at the 3-month follow up and 
no significant differences in quality of life at 6 months. A few contributing factors for this 
result could be the age of the subjects, severity of injuries, and surgical approach. 
Compared with other studies, the average age of the subjects was 58 years, noticeably 
older than other randomized controlled trials focusing on surgical rib fixation. An older 
population undoubtedly requires more time to fully heal from such a significant injury. 
Another potential reason is the severity of injuries. One of the strengths of this trial is the 
comprehensive approach in determining the severity of injuries through the use of 
multiple injury severity algorithms. Together, these results indicate this study had an 
older population with more severe injuries, especially when compared with the study by 
Granetzny (average ISS of 17.4 vs 33.3). This most likely contributed to reduced 
improvements in quality of life at the 6-month mark.  
Another potential reason for the lack of long-term improvement could be the 
surgical materials used. This is the only study to use absorbable plates that slowly 
degrade over time. For example, at 3 months they retain 40% of their strength which may 
have contributed to less improvement, especially when coupled with the severity of 
injuries and older average age. One reason they were used is a potential cost savings as 
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there is no need for plate removal. In addition, the authors point out that, in animal 
models, these absorbable plates are more effective in stimulating bone growth by 
allowing stress to be placed on the bones (unlike with metal plates which protect the bone 
from any load). Further studies are required to evaluate the comparative effectiveness of 
absorbable plates and metal plates.   
This study found a shorter ICU stay and initial pulmonary benefit from surgical 
rib fixation in flail chest. Their data showed less time on a mechanical ventilator after 
surgery and less non-invasive ventilation. The authors also took an interesting approach 
in evaluating the cost savings of surgery. In addition, unlike other studies, they chose not 
to assess pain control because the authors felt they couldn’t accurately utilize pain scores 
as many of the patients were intubated and sedated. The study did not find any changes in 
outcomes at the 3- or 6-month mark, which is most likely due to the severity of injuries, 
age of the population, and surgical approach.  
 
Surgical Stabilization of Internal Pneumatic Stabilization? A Prospective 
Randomized Study of Management of Severe Flail Chest Patients 
 
In the article titled “Surgical Stabilization of Internal Pneumatic Stabilization? A 
Prospective Randomized Study of Management of Severe Flail Chest Patients” by 
Tanaka et al., the authors compared surgical management of traumatic flail chest to 
internal pneumatic stabilization in a randomized controlled trial. Internal pneumatic 
stabilization was defined as intubation and mechanical ventilation, pain control, and 
pulmonary hygiene. The study focused on lengths of ICU stay, time on a mechanical 
ventilator, rates of pneumonia, incidence of tracheotomy, medical expense, and long-term 
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evaluation through spirometry, subjective dyspnea, and a questionnaire. Similar to the 
other trials discussed here, the authors were motivated by data indicating that many flail 
chest patients treated with conservative management such as internal pneumatic 
stabilization are faced with long-term disabilities and are not able to return to full-time 
employment.28 Internal pneumatic stabilization has been a staple of conservative 
treatment for flail chest, however it presents with some disadvantages including 
prolonged time on a mechanical ventilator and, thus, an increased demand for sedatives.29 
The authors compared the outcomes of surgical stabilization to internal pneumatic 
stabilization in patients who had a diagnosis of flail chest and were on mechanical 
ventilation.  
Methods 
Out of 148 patients who were admitted for flail chest over a 6-year period, 111 
were excluded due to not requiring a mechanical ventilator, having less than 6 fractured 
ribs, lack of acute respiratory failure, spinal injury, or head injury. Thirty-seven patients 
were enrolled in the randomized control trial over the course of 6 years. All of the 
patients required endotracheal intubation due to acute respiratory failure in the 
Emergency Room or trauma ICU. Ventilator indications included hypercarbia or 
hypoxemia with under 40% inspired O2 inhalation, associated trauma which caused 
shock or unconsciousness, repeated atelectasis, or airway obstruction. 
Patients from both groups (internal pneumatic stabilization and surgical 
management) received the same pulmonary physiotherapy consisting of PEEP ventilation 
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with spontaneous breathing trials, epidural anesthesia, analgesia, and antibiotics for 5 
days before being randomized to either group.  
There were no significant differences between patient’s age, number of fractures, 
injury severity score, sites of flail segments, PaO2/FiO2, or number of tube 
thoracotomies between the two groups. For the surgical group, all the surgeries took 
place within 14 days of the injury with most occurring around a week after trauma. Ribs 
1,2, 11, and 12 were not reduced even if fractures were present. All of the surgeries 
involved Judet struts and various strut sizes were used depending on the size of the 
fracture. Ventilatory support was continued in the surgical group until the patients were 
extubated based on specific criteria including absence of hypoxemia, stable 
hemodynamics, respiratory rate under 25 breaths per minute with spontaneous breathing 
trial, no obstruction of the airway, and no atelectasis.   
For the lung contusion endpoint, there were 3 categories based on number of 
lobes involved: mild (infiltrate involve less than 1 lobe), moderate (more than one lobe 
but less than an entire lung), and severe (involving both lungs). Mild was considered 1 
point, moderate 2 points, and severe was 3 points. Pneumonia was defined as 
leukocytosis, continued fever, purulent aspirate which grew known pathogens, and recent 
infiltrates on chest x-ray.  
Both groups were followed up within 12 months of their initial trauma accident 
for collection of data and administration of questionnaires. Spirometry data were 
collected at weeks 1, 2, 3, 4, and at months 2, 3, 6, and 12 to evaluate long-term 
effectiveness and progress of each group.  The questionnaire assessing functionality was 
	
37 
administered at months 6 and 12 and asked the patients about chest pain and tightness, 
employment history, and dyspnea. The questionnaire results are presented as the 
percentage of patients endorsing specific complaints.  
Results:  
In total, 18 patients were randomized to the surgical group and 19 were in the 
internal pneumatic stabilization group. Pneumonia occurrence was one variable directly 
compared between the two groups. Seven days after the initial injury there were similar 
rates of occurrence for pneumonia (5.5% for the surgical group and 15.8% for the internal 
pneumatic stabilization group). Twenty-one days after the initial injury the rates of 
pneumonia in the internal stabilization group increased exponentially compared to the 
surgical group (89.5% for the internal stabilization group and 22.2% for the surgical 
group; p-value < 0.05). There were also statistically significant differences in time on a 
mechanical ventilator, as well as ICU stay length between the two groups (p-value 
<0.05); the surgical group on average was on a ventilator for 10.8 +/- 3.4 days, and post-
operatively for 2.5 +/- 3.2 days. The internal pneumatic stabilization group on average 
remained on the ventilator for 18.3 +/- 7.4 days. The length of ICU stay in the surgical 
group was 16.5 +/- 7.4 days, with 9.2 +/- 5.2 days post-operatively. For the internal 
pneumatic stabilization group, the average stay was 26.8 +/- 13.2 days (p-value <0.07).  
At day 7 post-injury, 5/19 patients in the internal pneumatic stabilization group 
required tracheostomies versus none in the surgical group. At day 21 post-injury, 15/19 
of the internal pneumatic stabilization group required tracheostomies compared to 3/18 in 
the surgical group (p-value < 0.05).  
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Lung contusions were measured in three categories. For the internal pneumatic 
stabilization group, the mean calculated contusion score was 2.0 +/- 0.9 and for the 
surgical group it was 2.0 +/- 0.8 with no significant difference between the groups.   
The study highlights a difference in overall medical expenses as well. The 
expenses in the surgical group were significantly lower than those of the internal 
pneumatic stabilization group ($13,455 +/- $5,840 vs $23,423 +/- $1,380, p-value <0.05).  
Spirometry data was collected at the beginning of the study and up to 12 months 
after. The results indicate a significantly better progression of recovery via the FVC in 
the surgical group at 3 weeks, 1 month, 2 months, 3 months, and 12 months (p-values 
<0.01). FVC values were nearly equal at the beginning of the study because patients in 
both groups received thoracotomies due to an associated pneumothorax or hemothorax. 
Surprisingly, there was no difference in FEV1 between the two groups.  
There were significantly more complaints of chest tightness, thoracic pain, and 
dyspnea in the internal pneumatic stabilization group compared to the surgical group (p-
values <0.05 for each category). At 6 months, there were statistically more patients who 
had returned to full-time employment in the surgical group compared to the internal 
pneumatic stabilization group (11/18 vs 1/19, p-value < 0.05). At 12 months there was no 
statistical difference between the two groups in regards to returning to work.  
In the surgical group 56% reported no dyspnea 12 months after the injury 
compared to only 26% in the internal pneumatic stabilization group. In addition, 53% of 
the patients in the internal pneumatic stabilization group reported dyspnea as moderate, 
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severe, or very severe; the surgical group only had 22% of the patients report dyspnea as 
moderate, severe, or very severe.  
Discussion 
The authors concluded that surgical stabilization of flail chest can reduce 
morbidity by decreasing rates of pneumonia, decreasing hospital costs by reducing time 
on a mechanical ventilator and in the ICU, and improving long-term functionality. 
Reducing the chances of pneumonia after a traumatic injury has a large impact on a 
patient’s recovery, including a shorter time on a mechanical ventilator and shorter 
hospital stay. This study clearly outlined their definition of pneumonia and found similar 
rates at 1 week in both treatment groups but a significantly higher rate of pneumonia 
incidence at day 21 in the internal pneumatic stabilization group. This incidence 
undoubtedly has an impact on ICU and hospital length of stay, as well as overall 
mortality. Ventilator associated pneumonia is defined as a nosocomial infection that 
develops after 48 hours on a mechanical ventilator and is associated with an increased 
mortality rate.30 Reducing the time on a ventilator and the prevalence of pneumonia 
results in better long-term outcomes.  
Similar to other studies, the authors found a significantly reduced length of ICU 
stay in the surgical patients. This was most likely impacted by the pneumonia rates, as 
well as the other injuries the patients suffered. The development of a pneumonia in the 
ICU requires the patient to remain in the ICU for further treatment, thus increasing their 
length of stay. In addition, the two groups had similar Injury Severity Scores but the 
authors could have provided more details and analysis into the specific injuries to 
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strengthen the argument about differences in ICU stay. The higher rates of 
tracheostomies in the internal pneumatic stabilization group also likely contributed to the 
longer ICU stay. The authors should have included their tracheostomy indications which 
could have explained why more patients in the internal pneumatic stabilization group 
received this procedure compared to the surgical group.  
One limitation of the study is detailing the surgical approach. The authors 
provided details about the surgical tools used but failed to provide more details regarding 
the procedures themselves. They state that newly designed surgical tools and prostheses 
have improved the safety of these procedures. The Judet struts used in this study are less 
invasive, simple, and are more effective in preserving intercostal muscle function which 
most likely impacted the outcomes of the study. However, there were few details of each 
surgical procedure despite highlighting the devices used. For example, the location of rib 
fixation and exact number of fixated ribs would have strengthened this argument. In 
addition, they did not report on any surgical complications that may have occurred or 
impacted some of the patients’ recovery.  
The authors also found improved long-term outcomes in the surgical group 
compared to the internal pneumatic stabilization group. They reported significantly less 
chest tightness, thoracic pain, and dyspnea on effort in the surgical group 12 months after 
the injury. They also found the subjects in the surgical group were able to return to work 
earlier than the internal pneumatic stabilization group, thus strengthening their claim of 
the surgical procedure being more cost effective. There is undoubtedly response bias in 
these surveys of the subjects. In addition, the specifics of employment (physical labor 
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versus working at a desk) would impact their individual ability to return to work. 
Nevertheless, the degree of improvement seen in these questionnaires is significantly in 
favor of the surgical group. In addition, the authors also compared forced vital capacity 
over the course of a year. Unlike other studies measuring spirometry values, both groups 
received a thoracotomy and, thus, began with the same FVC so the authors were able to 
directly compare the progress in each group over time. The surgical group had a greater 
rate of improvement in FVC at each time evaluated as well as a higher total FVC at one 
year, indicating better recovery from a pulmonary perspective. This approach was one of 
the better evaluations of pulmonary status in a randomized controlled trial given the equal 
starting point.  
Overall the authors conclude surgical fixation may be preferable for patients with 
flail chest who are expected to be placed on a mechanical ventilator. Their data shows a 
decreased rate of pneumonia, ICU stay, time on a mechanical ventilator, and improved 
long-term outcomes when patients received surgical rib fixation. Their study supports the 
use of surgical rib fixation for improved short and long-term outcomes in patients 
diagnosed with flail chest.  
 
Summary of Literature Review 
 The studies presented above largely evaluated the effectiveness of surgical rib 
fixation in treating flail chest compared to standard, conservative therapies. Common 
endpoints included time on a mechanical ventilator, length of ICU stay, and improved 
respiratory status. There was variability in surgical approaches as well definitions of 
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conservative management. Despite this, the three randomized controlled trails 
demonstrated benefits of surgical rib fixation when compared to conservative therapies. 
Only the study by de Jong et al. evaluated surgical rib fixation in patients without flail 
chest and found some potential for this procedure in traumatic rib fractures that do not fit 
the flail chest criteria. The study proposed below aims to evaluate if surgical rib fixation 
results in improved respiratory outcomes and better pain control in patients with multiple 






The proposed randomized controlled trial will evaluate the effectiveness of 
surgical rib fixation compared to conservative management for non-flail traumatic rib 
fractures. The study will be conducted at 10 different US Level I trauma centers that on 
average receive 200 rib fracture cases per year and perform at least 10 surgical rib 
fixation cases per year. The timeline will be three years to acquire a large sample size. 
Each treatment center must have a clear protocol to control pain and optimize pulmonary 
status for conservative management.   
 
Study population and sampling 
Adult subjects ages 18-70 will be considered for the study. Patients must be 
initially evaluated in the trauma bay by a trauma surgery team and determined to be 
surgical candidates through the initial assessment, management, and imaging studies. 
Once selected, patients will be informed about the goals of the study and have the choice 
of being observed or randomized. Informed consent will be obtained by each subject or 
health care proxy.  
Inclusion criteria include the following: 1.) 3 or more severe, displaced ipsilateral 
rib fractures confirmed with CT imaging (the rib fractures do not need to be consecutive) 
2.) rib displacement of greater than or equal to 50% of rib width seen on imaging 3.) 
patients must have a compromised respiratory status defined as a respiratory rate greater 
than 20 breaths per minute, incentive spirometry values less than 50% of expected, or 
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inability to control secretions determined by respiratory therapists in the ICU 4.) patients 
must be admitted to the ICU upon presentation.   
Exclusion criteria include the following: 1.) diagnosis of flail chest (2 or more 
fractures to a single rib seen on imaging as well as paradoxical motion of the chest wall 
with inspiration) 2.) severe TBI with a GCS of less than or equal to 10 3.) ventilator-
dependent respiratory failure 4.) spinal cord injury 5.) pregnancy 6.) injuries requiring 
immediate emergency surgery 7.) inability to tolerate anesthesia 8.) an injury greater than 
72 hours prior to surgery.  
	
Study Population and Sampling 
 
The study population was influenced by a study proposed by Pieracci et al and the 
other randomized controlled trials discussed above. These calculations were calculated 
for the primary outcomes of FEV1/FVC ratio, FEV1, FVC, and Peak Flow rate values. 
Using an alpha of 0.05, a beta of 0.2, and an effect size of 0.5, a total of 126 subjects will 
be required with 63 in each group. The effect size of 0.5 was determined from the 
measured differences in FEV1/FVC ratio and also was effective for the other primary 
outcomes. One of the biggest drawbacks of the trials evaluated above was the small 




 The subjects from both the surgical and control groups will receive the same care 
for the first 48 hours. The surgical group will undergo the procedure between 48 and 72 
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hours after the initial trauma. Both groups of patients will be managed in an ICU setting 
until pain control and pulmonary status are improved so they can be managed in a less 
acute setting. A respiratory therapist will perform incentive spirometry on each patient at 
the admission to the ICU and at 3 and 6 months after the incident in an outpatient clinic. 
Values recorded will be FVC, FEV1, peak flow rate, and the FEV1/FVC ratio.  
Conservative management will include pain control and pulmonary optimization. 
Pain control will be accomplished per each clinical site’s protocol but should include a 
baseline of constant administration of acetaminophen or NSAID. The use of IV or oral 
opioids, regional anesthesia, or continuous epidural analgesia will be recorded as 
outcomes and compared between both groups. Pulmonary care and support must include 
incentive spirometry and pulmonary hygiene to increase removal of chest secretions. 
Incentive spirometry should be performed and recorded each hour by the patient. The 
patients will receive explicit instructions including how to hold the spirometer, inhaling 
for 2-3 seconds followed by exhaling, and then repeating these 10 times for one cycle. 
All initial treatments will be performed in an ICU setting. Time in the ICU will be 
decided by each clinical team and recorded as a variable. Both the control and surgical 
groups will receive the same conservative management for the first 48 hours.  
 Surgical rib fixation will be performed between 48 and 72 hours of the initial 
injury. All surgical candidates will undergo general anesthesia for the operation. Only 
fractures to ribs 3-10 that fit displacement criteria will be surgically fixated. Surgeons 
will use a muscle sparing technique and the materials utilized will be Judet strips for rib 
union. The number of strips and incisions required will be up to the discretion of the 
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surgeon and recorded as outcome variables. The procedure will be performed by board 
certified thoracic, orthopedic, or trauma surgeons per each hospital. Patients post-
operatively will return to the ICU to resume the conservative management described 
above. Patients in the surgical and conservative groups will be followed up at 3 and 6 
months.   
 Baseline parameters will be recorded to determine clinical similarity between the 
groups including smoking status (presented as pack year history), baseline GCS on 
admission, Injury Severity Score, number of ribs fractured, BMI, hemothorax, and 
pneumothorax. These values will be presented as percentages of each study population 
and directly compared. 
 
Study variables and measures 
Primary outcomes measured will be spirometry test values and long-term 
outcomes which include Forced Vital Capacity, Forced Expiratory Volume over 1 
second, and Peak Expiratory Flow rate (Table 1 below). They will be recorded 24 hours 
after the initial trauma, 1 week after the intervention and 3 months after the injury in an 
outpatient follow up. These values will be presented as a mean and standard deviation for 
each treatment group. At 3 and 6 months a questionnaire will be given to the patients to 
evaluate recovery status, which includes return to work, pain levels, return to activities, 
and sleep patterns. The Rib Fracture Questionnaire (Appendix 1) uses a Likert Scale and 
includes both positive and negative wording. Each question has a score of 1 to 5 
correlating with strength of agreement or disagreement. Scores vary with each question to 
reduce the amount of response bias. The questionnaire is included in Appendix 1.  
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 Secondary outcomes will include rates of pneumonia, number of Judet strips and 
incisions made during the surgery, rates of infections, narcotic consumption at 3 and 6 
months, and use of regional anesthesia for pain control (Table 2 below). The results from 
secondary outcomes will be compared using a Chi-square test. These values will be 
presented as frequencies and percentages.  
	
Table 1 




24 hours     
1 Week     
3 Months     
 
Table 2 














Surgical        
















3 Months     




Data will be collected upon initial presentation to the trauma bay and during the 
initial treatment period. This will include baseline parameters mentioned above as well as 
pulmonary function tests that will be administered within the first 48 hours and prior to 
the surgical intervention. These tests will also be administered at 1 week after the 
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intervention and at 3 months after the injury and directly compared. The questionnaire 
will be administered at 3 and 6 months in an outpatient setting after the initial injury. 
Scores from this will be computed and directly compared between the surgical and 




Spirometry and Peak Flow Rate values will be presented as a mean value with 
associated standard deviation. A student t-test will be used to determine if any statistical 
difference is present with a p-value of 0.05 being considered significant. A chi-square test 
will be used to evaluate differences in each category of the questionnaire (pain levels, 
sleep activity, return to work/activities, and recovery status). Each category will be 
compared to evaluate for any statistical difference.   
 
Timeline and resources 
The timeline of this study will be over 3 years. The reason for this length is due to 
IRB approval taking 6 months and the difficulty of finding patients that fit the exact study 
criteria. In addition, patients will be closely monitored through their hospital course and 
then at 3 and 6 months following their initial injury. Resources required will include a 
trauma surgery team for the initial evaluation, ICU personnel to manage the patients in 
both groups, a surgical team and specific surgical materials, a post-operative care team, 





Institutional Review Board 
The proposed study would need to be reviewed by the full convened Institutional 
Review Board. Given that it involves a surgical intervention, there is greater than 








Surgical rib fixation has significant potential for improving outcomes physically 
and psychologically. The studies analyzed above evaluated the effects of surgery when 
compared to traditional conservative management. Variables evaluated included ICU 
stay, time on a mechanical ventilator, pulmonary status, pain control, and long-term 
outcomes. There was a considerable amount of variation between each study in areas 
such as the conservative management, surgical approach, timing of the procedure, and 
variables evaluated. Despite these inconsistencies, the data from these trials offers 
relatively clear conclusions on each of these effects. These findings served as the 
foundation for the current proposed study for surgical rib fixation in patients with severe 
rib fractures that do not fit the flail chest criteria.  
 ICU stay was a common variable evaluated in the surgical rib fixation studies. 
Length of stay was typically assessed because shorter time correlates with a faster 
recovery and significantly reduced hospital costs. A majority of the studies presented 
above found a decrease in ICU stay in the surgical patients compared with conservative 
management. The study by Doben et al. found no difference in length of ICU stay 
between the surgical and conservative groups, which was most likely due to the varied 
timing of the surgery.31 Their study differed from the others because they began using 
surgical fixation as rescue therapy and, thus, the timing of the procedure varied between 
each subject. As a result, one cannot directly compare length of stay between the surgical 
and control group of this study. The other studies had more concrete timing in the 
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implementation of their surgery and could, thus, make stronger conclusions in regards to 
ICU stay. Comparing ICU stays does have limitations despite the consistency of these 
findings. The biggest issue is the presence of other severe injuries that impact duration of 
total ICU stays. While all the studies used injury severity scores to evaluate differences in 
subjects, there is still variability in regards to each injury and potential for one injury to 
dramatically increase the ICU stay. The trial by Marasco et al. was the only study to 
implement multivariate modelling to further analyze the injuries between the subjects and 
any other surgeries they received. Despite this, the evidence is strong that surgical rib 
fixation reduces length of ICU stay in flail chest patients.  
 Time on a mechanical ventilator was another variable evaluated in several of the 
studies. Many of the flail chest patients progressed to mechanical ventilation which 
creates a variety of complications. The randomized controlled trials described above 
found a statistically significant decrease in time spent on a mechanical ventilator in the 
surgical patients. These patients averaged 1-2 days on a mechanical ventilator versus 10 
days or longer in the conservative groups. Consequently, their length of stay in the ICU, 
as well as long-term outcomes were more favorable. As Tanaka et al. found, decreased 
time on a mechanical ventilator is associated with less risk of developing a nosocomial 
pneumonia and improved long-term outcomes. There is undoubtedly some variability in 
the implementation and criteria to which mechanical ventilation was implemented. For 
example, in Doben et al. the subjects who were projected to progress to respiratory failure 
received surgical rib fixation and most likely had a better pulmonary status compared to 
subjects from the other studies. Compared to total ICU stay, time on a mechanical 
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ventilator is a more accurate metric to evaluate pulmonary recovery because it is closely 
associated with pulmonary status. The findings of reduced ICU stay and time on a 
mechanical ventilator reinforce the claims that surgical rib fixation results in an expedited 
recovery.  
 Pulmonary status was evaluated through spirometry data in multiple studies. 
Tanaka et al. found significant improvements in FVC across a large time frame of 1-12 
months after the initial injury, while other spirometry values saw no significant 
differences. Granetzny et al. found significant improvements in FVC, TLC, and Forced 
Expiratory Flow at 2 months after the initial injury, indicating a faster recovery in the 
surgical patients. However, there was no difference in ABG values in PO2 and PCO2 
between the surgical and conservative groups. 32 These results indicate a greater 
improvement in inspiratory capacity with surgical rib fixation but expiratory capacity is 
largely unchanged. However, it is difficult to fully assess these values given there is no 
baseline spirometry data for the patients. The most accurate comparison occurred in the 
trial by Tanaka et al., where all the patients were subjected to thoracostomies and had 
nearly identical initial spirometry data. The trial by Marasco et al. found no difference in 
spirometry values 3 months after the accident. This result was most likely impacted by 
the older population of the trial and the use of absorbable plates. Other trials did not 
evaluate spirometry data and solely evaluated pulmonary recovery based on time on a 
mechanical ventilator and rates of pneumonia.  
 Pain control was another commonly evaluated variable and indication for surgical 
rib fixation. In the article by He et al., the authors stress pain control should be a 
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significant consideration for surgical rib fixation given that many patients with flail chest 
suffer from chronic, debilitating rib pain long after the initial injury. The study found a 
decrease in thoracic pain, dyspnea, chest wall deformities, and chronic pain. These 
findings strengthen the claims that patients with flail chest who receive surgical fixation 
have improved long-term outcomes and are more capable of resuming physical activity 
and returning to work. The trial by de Jong evaluated surgical rib fixation in patients with 
rib non-union fractures and also found promising results related to pain control. The 
patients who underwent surgery long after the initial injury that caused the fracture 
reported more satisfaction after receiving the surgery. There was also less opioid use and 
a decreased need for pain specialists post-operatively. These findings highlight the 
potential of this procedure in patients with rib fractures that do not fit the flail chest 
criteria. 
 There are notable drawbacks in all of the studies described above. Significant 
variability existed between each of the studies regarding timing of the surgery, materials 
used, as well as the conservative management implemented. Other components that may 
have contributed to inconsistent findings include small sample sizes, different 
interpretations of conservative management, and direct correlation between intervention 
and length of hospital stay. Finding patients to fit the subject criteria is difficult given the 
specific nature of these injuries, as well as the exclusion criteria. In addition, even 
patients who fit the criteria may not be able to tolerate surgery given the severity of their 
injuries. There were also many forms of conservative therapy that were used in these 
studies. While all of them involved some form of pain control, others utilized methods 
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that restricted chest wall movement and potentially led to increased rates of pneumonia. 
Lastly, all the trials assessed length of hospital or ICU stays, which are greatly impacted 
by other injuries suffered, and many did not thoroughly control for these comorbidities. 
Further studies into surgical rib fixation should recognize and address these limitations to 




 The study proposed in Chapter 3 intends to evaluate the potential of rib fixation in 
patients with multiple severe rib fractures who do not fit the criteria for flail chest. There 
is significant potential for surgical rib fixation to improve long-term outcomes and 
pulmonary status in patients with severe rib fractures. Currently there is very little 
research on surgical rib fixation in patients without flail chest. The goal of this study is to 
evaluate whether surgical rib fixation results in improved pulmonary and long-term 
outcomes. Many of these patients suffer from chronic pain and have their livelihoods 
upended by these injuries, so the potential of this treatment to improve physical and 
psychological outcomes warrants further investigation. Surgery could be another 
approach to the treatment of these patients to optimize their pulmonary status once more 
research has been completed.  
 There are some limitations to the study proposed. Obtaining subjects who fit the 
inclusion criteria will be very difficult. Most of these patients will be victims of blunt 
force trauma and have a variety of other injuries that will exclude them. In addition, 
obtaining enough subjects will take a significant amount of time which is why a 3-year 
study period will likely be required. Other limitations include securing resources for their 
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surgery and care. This study would require significant financial resources given that 
subjects require surgery, time in the ICU, and extensive follow up. Lastly, exposing 
subjects to surgery presents its own risks and despite the hypothetical benefit of the 
procedure, these risks need to be considered and stratified for each patient.  
 
Public Health Significance 
 
 Despite these limitations, there are multiple public health benefits to surgical rib 
fixation that contribute to the need for further research. Rib fractures are extremely 
common injuries that result in serious complications including pneumonia, chronic pain, 
and contribute to a higher mortality rate. The potential to prevent these complications 
could drastically improve the lives of these patients. Improving the physical capabilities 
of these patients in order to return to work and other activities is worth the surgical risk 
and economic investment required for this study.  In addition, the reliance of these 
patients on opioids is another reason to explore this form of treatment. A study from 2016 
found that each subsequent rib fracture increases the risk of long-term opioid use by 11% 
.33 This treatment could prevent many of these patients from becoming dependent on 
narcotics and further contributing to the current opioid crisis.  
 More research is required to evaluate the physical and psychosocial outcomes and 
improve surgical rib fixation for both flail chest and multiple severe rib fractures. There 
are still uncertainties in regards to the timing of the procedure, surgical materials used, 
and baseline respiratory status that need to be explored through clinical trials. Identifying 
patients who can benefit the most from this procedure will need to be answered with 
further research. Despite these uncertainties, the current data suggest the potential for this 
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procedure to be implemented more extensively than it is currently. Ultimately, protocols 
for the management of traumatic rib fractures should be developed to optimize ventilation 
capacities through a combination of surgical fixation and conservative management. 
Patients’ age, goals of recovery, and overall clinical presentation should dictate their 
treatment, and surgical rib fixation should be considered as an effective option to improve 






    RIB  FRACTURE  QUESTIONNAIRE 
YOUR AGE __________  MALE ___  FEMALE ____ 
Place a mark on the line that describes how you are currently feeling. 
I am happy today      (1) Strongly Agree   [1-2-3-4-5]    Strongly Disagree (5) 
1. I have recovered from my rib fractures                  1-2-3-4-5 
2. I wish I had selected another type of treatment   1-2-3-4-5 
3. My ribs don’t bother me anymore     1-2-3-4-5 
4. My ribs still hurt most days      1-2-3-4-5 
5. I am still taking pain pills for my fractures    1-2-3-4-5 
6. My family/friends notice I am in pain    1-2-3-4-5 
7. I am back to work in my job or at home    1-2-3-4-5 
8. I have still not returned to my normal activities at home  1-2-3-4-5 
9. My family/friends notice I am not doing much at home  1-2-3-4-5 
10.  My sleep has changed since I fractured my ribs   1-2-3-4-5 
11.  Since my fractures, I now take sleep medication   1-2-3-4-5 
12.  I wish I could get better sleep     1-2-3-4-5 
 
Scoring: each item has five possible scores (Likert Scores). Simply give a numerical 
score for each answer. Some items are negatively scored, so it is important to use the 
scoring key. 
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